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CHAPTER I 
INTRODUCTION 
1 
All image forming systems including radar, optical, television, 
infra-red, etc., are limited in informational capacity by two factors. 
These factors are, "image spreading"; i.e., the degradation of a point 
source image, in an aberration free optical system, this being merely 
the familiar airy pattern. The other is "noise", the noise being mainly 
due to the receptor. 
During the early development stages of electrical communication 
engineering theorists in the field frequently debated whether bandwidth or 
signal to noise was the more important limitation. The photographic-
optics field is now debating the same issue although in different nomencla-
ture. The relationship between the two is: the "bandwidth" is analogous 
to "resolution limit" in that this determines the spatial frequency cut-
off of the optical system, and the "static" of electronic channel being 
analogous to "noise" in the optical channel in that it reduces the optical 
channel resolution limit. Many authors have presented rigorous dis-
cussions on the spatial frequency limitations caused by image spreading. 
This limitation will therefore receive no further consideration in this the-
sis. The more important noise limitations arise in the physical receptors, 
(film, photocell, eye, etc.). The purpose of this thesis is to discuss 
the noise spectrum of the film. The noise from the film is produced by 
2 
the "graininess", where graininess is the subjective term, the objective 
term being granularity. Therefore, the term graininess will only be r e-
£erred to when it is applicable to the work of another author. 
Thi s noise produced by the granularity has been studied by many in 
an attempt to quantitatively classify it. The results of these studies have 
n ot been in full agreement. Some of the earliest work in this field was 
8 
done by Hardy & Jones. They considered the enlarged image of a uni-
formly exposed developed photographic emulsion which was moved away 
from an observer until it appeared homogeneous. The magnification being 
constant, the relative merging distances were used to evaluate graininess 
for different samples. Lowery12 studied graininess in which the observer 
viewed an aerial image of photographic deposit through an instrument. 
The magnification at which the virtual image appeared homogeneous was 
used to establish graininess. 
19 
Threadgold suggested that graininess 
could be measured by the Callier coefficient 11Q", which is the specular 
density divided by the diffuse density. Goetz and Gould 7 defined granu-
larity as the standard deviation of the relative transmittance fluctuations 
from the mean transmittance rnultiplied 
by 1/2 or, / G= 
18 Selwyn then developed a theory based on the statistical distribution of 
density measured over a large number of small areas. Granularity was 
then defined as the product of the standard deviation of the density from 
3 
the mean and the square root of twice the scanning area. That is: 
G ·= OD ~ 
10 
Jones and Higgins who have done some very extensive work in this area 
and have presented their results in a series of eight papers, the last of 
which is referenced here. They proposed a granularity measurement 
more directly related to measurements of graininess. They reasoned 
that if the eye requires some threshold value of average luminance dif-
ference to just detect grain, then the blending magnification (magnifica-
tion at which the grain is barely preceptible) of different samples viewed 
at the same luminance level should be such that the average luminance 
difference imaged on adjacent cones of the eye is the same. They thus : 
introduced the Syzygetic Density Difference 9 (S .t. D), term which defines 
the density differences caused by granularity as: 
S~D I Del{ - l.Da, 
where ID is the integrated density of a small surface area and a, a., 
represent a pair of adjacent areas. These terms represent the state of 
granularity definitions as of the year 1952. At this time the application 
of Communication Theory to the optics field began to gain considerable 
momentum. Through this theory new mathematical approaches were ap-
plied to the problems, and papers utilizing these new approaches began 
5 
to appear. One of the earliest of these papers was produced by Elias 
(1953) where he illustrates the application of some of these mathematical 
6 
approaches to optics. Fellgett by applying one of these new approaches, 
4 
the correlation analysis, theoretically describes the measurement of 
granularity using the auto-correlation function of the transmission of a 
developed photographic emulsion, where the auto correlation is defined 
as: 
where A is the scanning aperture area and T/[i J;) , is the transmittance 
of the scanned emulsion at the point (C 1 l ). From the auto-correla-
tion function the Wiener function, .ff(tl{, Wy) which will be referred to 
as noise spectrum hereafter, is defined as the Fourier transform of 
the auto correlation function. This noise spectrum being: 
+a..o . 
P(aJxjWy) :::z:r ff ¢1~ Y'./ e- ~(U'_.., -r- Wy) dx d9 
-o.c 11 Jones suggests that the noise spectrum is the best method of describing 
granularity, and is used as the measure of granularity by this thesis. 
The method used being described in a later chapter. 11 Jones also de-
rives mathematically a film noise spectrum to granularity relationship 
as a function of scanning aperture, using a photoelectric scanner, and 
discusses noise spectrum of Super XX film. Picinbono 
16 
describes 
analytically the correlation function by using a statistical model of ran-
domly scattered, separated spots. Zweig20 derives two equivalent func-
tions from the microphotometer trace, a correlogram and a power spectrum 
or noise spectrum, and then discusses the relationship of Jones and Higgins 
Syzygetic Density Difference and Selwyn granularity measurement to 
these two functions. He then concludes from the shape of his experimental 
5 
auto -correlation functions that the Selwyn granularity function should 
essentially be constant. The fact that it increases with the diameter of 
scanning aperture is explained as being caused by macroscopic density 
variations of a uniformly exposed developed emulsion and a combination 
of finite grain size and imperfect imagery. Then by combining Jones and 
Higgins data and present data on granularity he provides a means of meas-
uring granularity. 
Marriage and Pitts 13 state an interesting point about all of these 
definitions of granularity. They say that if one of the forementioned func-
tions is known, the others can be computed. 
An example of this is as follows: 
If the scanned and not the actual grain characteristics are observed, 
I 
the transmittance f:(X/::/) (Figure 1), can be determined where: 
T 
Figure 1 
Microphotometer Trace 
Now using the trace, but adding primes to the quantities to denote scanned 
characteristics, 
~~7) =//~fx- U~j;- tr) f{ZtJ!r) d"Z,( d ·v-
-""""" 
6 
and: 
where ..a 6t.,y-J is the spread function of the scanning aperture and the 
subscripts m, and a, representing measured and actual respectively. 
Therefore the auto-correlation function is: 
,:z!(C.,}')=~ // g> Uv,e'--'Yl e~'(j'w_. -. ? LV<'ldw,d<Jy 
At the origin, C.-::: 1 = ~ then: {Zf~oJ :.::= a;../ 2 
Now the Goetz - Gould coefficient can be defined as: 
~ "2 - _L 1/./ 7-l-7,J2 A-. t.~ > d w · d w 
<JT - 2 iT / ../ L..(~ ~a... t:.U./ x- .7' 
-t:J 
U sin g the convolution theorem and then Pa r seval ts theorem the following 
result is derived: 
o;'2~ 2~ _// ¢s:S (?< -z;- 1 ¢ fz< V;J d zc. dv-A J J ~ 
where the term if; dEmotes spatial frequency, ¢Jsd~PJ is the auto -cor-
relation function of the scannin g aperture, and f2J {zt.Jvj is the auto-
correlation of the actual grain. This is the same result derived by 
6 11 ,z 
F ellgett and Jones • Now once 6'"-r is known the Goetz-Gould granu-
larity can be determined. Jones 11 states that if the latter equation could 
be inverted the film noise spectrum could be computed from the Selwyn 
granularity coefficient. Marriage and Pitts 13 proved that this could be 
done therefore the noise spectrum can be computed from the Selwyn coef-
ficient Marriage and Pitts then reached the conclusion that the 
various methods of computing the granularity gives the same information 
but in different forms. The method used to get this information being a 
Point Source 
e 
i(x, y) 
Target Aperture x 
Figure 2. 
y 
Diffraction 
Pattern 
-4~--------~~---- {Fraunhofer) 
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-
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8 
matter of convenience rather than a fundamental importance. 
A well known result in the optics field is that the complex amplitude 
distribution over the Fraunhofer plane is a Fourier transform of the target 
6 
plane (Figure 2} transmittance. Fellgett suggests that it may be possible 
to determine the film noise spectrum emp.irically using this Fourier 
3 
transform method. Croce and Marquet using this method derive the 
energy density spectrum of Plus X, density of 0. 3, using a photocell as 
a receptor. It is the purpose of this thesis to use this method to em-
pi :rically determine the film noise spectrum by using a photographic film 
as a receptor. 
This was accomplished by uniformly exposing three different photo-
graphic emulsions to three uniform densities each and place them as tar-
gets in the target plane of the optical analyzer {Figure 2), using a mono-
chromatic, coherent light source, and photographing the diffraction pat-
tern, i.e., Fourier transform or amplitude distributi-on of aperture 
target, at the Fraunhofer plane. 
CHAPTER II 
THEORETICAL CONSIDERATIONS 
9 
This theoretical discussion will be presented in two parts and is 
limited to the extent necessary for the scope of this investigation. The 
first part will be a descriptive account of how the optical analyzer pro-
duces the noise spectru:rp, the second part being the analytical expressions v". 
which support the descriptive account. 
Descriptive Account 
With reference to Figure 2, a point source is imaged by a lens to 
a "point image" which is a diffraction pattern characteristic of the target 
aperture. The distribution of the light amplitude and phase in the diffrac-
tion pattern is a function of the amplitu.de and phase distribution in the 
aperture. Specifically, it is the Fourier transform of the aperture distri-
bution. With a round aperture of constant amplitude the diffraction pat-
tern gives the familiar Airy pattern. An instructive example of this trans-
formation from the space domain in the target aperture to a spatial fre-
quency domain in the diffraction plane would be obtained by placing a square 
wave light modulating target in the target aperture. In this case the 
diffraction pattern would be a series of light spots varying in intensity, 
the intensity representing the amplitude of the frequency components, the 
brightest being the center spot, which is the constant component, and de-
creasing in intensity as radial distance along the axis of the spots from the 
10 
center increases. The spacing of the spots being equal and representing 
the entire dis c rete spectrum of the square wave. 
The optical system (Figure 2), therefore, performs a Fourier analy-
sis of the spatial frequency distribution of its aperture, and will be referred 
to as the analyzer hereafter. Analytically this is a Fourier transfor-
mation of a function of amplitude and two space dimensions to a two-
dimensional frequenc y and amplitude distribution. This provides the 
possibility of determining the noise spectrum of photographic emulsions 
by placing an emulsion target at the target aperture and deriving the 
noise spectrum from the diffraction pattern; i.e., the Fourier transform 
of the target aperture. 
It is at this point that one of the analyzer limitations can be seen. 
This limitation lies in the fact that the radius in the diffraction pattern 
determines the frequency band pass width of the target spectrum. This 
is not serious since the aperture used permits passing of 1520 lines /mm. 
Analytical Expressions 
If 4-UJ(Figure 2), is the complex amplitude distribution in the 
Fraunhofer plane and lfi./J is the complex transmission over the target 
plane then 
. //-, A/~(a:J?-r--z!y) 
--c.. r~yJ = ./_/ /(tl7/j e - ~ dy 
,/ i4 :1 
and it can be shown that 
11 
where 
and IC£t;-iJ ) are Fourier transforms of / ~ ~ o6:.Jy J and 
--v' (?LJ 1) respectively and where: 
-/2-q: 
7- ) 
and 
Therefore 
where f is the distance from the target plane to the Fraunhofer plane and 
N is spatial frequency in units of reciprocal length. 
12 
CHAPTER III 
EXPERIMENTAL INSTRUMENTATION 
Optical System 
The optic al instrumentation originally used during the earlier work 
of this investigation was a system already designe d and assembled by a 
previous student, Attaya 1 , for his thesis research work. However, in 
checking the analyzer portion of the system used for this investigation 
for its inherent stray light, some spheric al aberration was observed, 
and it was also determined that the lens surfaces were of low quality. 
New lenses were then placed in the system utilizing the existing campo-
nents. 
Be c ause the equipm ent and the problems associated with design of 
the instrum entation are des crib ed in Attayats 1 thesis only a brief des-
cription of the components will be undertaken here. 
The problem of selecting a light source ("A" Figure 4) was diffi-
cult in that the purpose for which the analyzer was intended required that 
the point sour c e be intense and also well concentrated. These require-
ments were met b y using a OSRAM HB107 super-pressure mercury arc 
lamp. This lamp operating a t 100 watts has an intensity of 900 candles 
per square millim eter and a source diameter of 0. 3 millimeters. The 
HB107 requires a 50 volt D. C., 7-ampere power supply, but it has the 
advantage of not requiring any forced cooling. The lamp and its housing 
13 
Figure 4 
Light Source 
14 
·. 
15 
are comparatively small in physical dimensions and therefore easy to 
adapt to the filtering sys t em ("C" Figure 3). The early tests indicated 
that a light condensing system and a pinhole of . 17 millimeter, (11D 11 
Figure 4) was needed for proper functioning of the analyzer. The pin-
hole provides a very distinct point source for the analyzer and has the 
advantage that any slight displacement of the source show up merely as 
intensity variations of the pinhole source. These intensity variations 
average out during photogTaphic exposures of seconds in length. The 
condensing lens, ("B", Figure 4) is two, 100 millimeter focal length 
achromats, and it is at the aperture of these condensers that the colored 
interference (4300A0 ) filter ("C", Figure 4) is placed producing the de-
sired monochromatic light. The pinhole is fixed with respect to the fil-
ter system so that adjustment and changing of the arc source will not 
disturb the system focus. The lens components, (11A 11 , Figure 5) were 
chosen so as to have a symmetrical system and maintain a one-to-one 
conjugate ratio. The lens is composed of two closely spaced, 24-inch 
focal, 3-inch diameter coated achromats. 
The target mounting ("B", Figure 5) is a 2x2 in. slide holder. 
This is fastened to a rotating microscope stage. 
The mounting at the plane of the diffraction pattern consists of a 
two-coordinate microstage, ("A", Figure 6}. Attached to this stage is 
an adaptor, ("B", F i gure 6) which permits the use of a standard 4x5 
in. photographic sheet film or plate holder, ("C", Figure 6). This 
16 
Figure 5 
Lens Mounting and Target Aperture 
; 
Figure 6 
Diffraction Plane Apparatus 
17 
18 
I 
arrangement permitted a ;ccurate placement of the emulsion at the Fraun-
1 
hofer plane and make it poss i ble to easily obtain photographs of the di-
£fraction pattern. 
Target Considerations 
In considering the selection of the targets for this investigation it 
was decided that to get C'Omplete information a good cross section of 
emulsions commercially available should be used. Upon this consider-
ation Royal X Pan in the fast speed coa rse grain emulsion area, Super 
11 
XX for comparison to previous work done by Jones , and Micro-File 
(5402) for the fine grain slow speed area. Again in the consideration of 
the densities to be used it was again desired that a good cross section 
of the density range be represented, and also for comparison purposes, 
11 
the densities used by Jones were chosen, i.e., D (average densities) 
of approximately 0. 28, 1. 00 and 1. 76. 
Target Instrumentation 
The mounting for t ese targets needed to be rigid so that the targets 
could be held flat and s ill fit the existing mount. Aluminum sheet 1/16 11 
thick satisfied this req irement. 
The fabrication of the existing mount dictated the diameter of the 
target aperture. Calculations of the spatial frequency band pass of this 
aperture indicated a satisfactory band pass with this aperture. The alum-
inum target mounts were cut to 2x2 in. size with a • 75 in. hole cut in 
the center with beveled edge and painted a flat black to cut down edge 
,, 
.. · , 
Figure 7 
Target Exposure Light Source 
19 , 
2Q 
diffraction and reflection. 
The targets were uniformly exposed by using a 15 watt lamp in a 
Kodak Model A, Adjustable Safelight Lamp, ~Figure 7), made to support 
a Wollensak, f/3. 5 Alphax, iris diaphragm assembly, ("A", Figure 7). 
To insure accurate control of exposure time and uniform light intensity 
distribution over the exposed surface, a piece of ground glass and a neutral 
density filter, filter factor of 2, was placed between the 15 watt lamp and 
the diaphragm. To insure a flat emulsion plane the sheet film was placed 
in a film holder. This holder was placed at a distance of approximately 
70 em from the source. The timing device for this light source was an 
electronic dark room timer. 
The target exposure times and development processes are as follows: 
Royal X Pan 
D - 0. 28 
D - I. 00 
D - 1. 77 
Super XX 
D - 0. 28 
Exposure - 1 sec., f/16 
. 0 Development- DK 50, 1:1, 6 mm. 68 F. 
Exposure - 60 sec. f/16 
0 
Development - DK 50, 1: 1, 8 min. , 68 F. 
Exposure - 160 sec., f/3. 5 
Development- DK 50, 1:1, 9 min., 68°F. 
Exposure - 3 sec., f /8 
Development - DK 50, 4. 5 min., 68°F. 
Super XX (Cont.) 
D - 1. 05 
D - 1. 77 
Micro File - 5402 
D - 0. 29 
D - 0. 975 
D - 1. 65 
Exposure - 15 sec., f/8 
0 
Development - DK 50, 8 min. , 68 F. 
Exposure - 91 sec., f/3. 5 
0 
Development "'' DK 50, 12 min. , 68 F. 
Exposure - 22.4 sec., f/3. 5 
0 
Development - D 11, 5 min., 68 F. 
Exposure - 110.8 sec., f/3. 5 
Development - D 11, 5 min., 68°F. 
Exposure - • 7 sec., f/5. 6 
Neutral density filter removed. 
0 
Development - D 11, 5 min. , 68 F. 
21 
22 
CHAPTER IV 
OPERATION OF THE OPTICAL HARMONIC ANALYZER 
During the initial operation and analysis of the optical qualities of 
the analyzer, some sample pictures of diffraction patterns were taken. 
The results of these early pictures indicated that some relatively long 
exposure times would be required to acquire sufficient data for reduction. 
For this reason Royal Pan was chosen because it has a low gamma and a 
fast speed. Further experimentation suggested that desirable results 
could be obtained by exposing the D - 0. 28 targets at. 5 seconds, the 
D - 1. 00 targets at 5 s ·econds, and for the D - 1. 76 targets at 30 seconds. 
System Stray Light 
To check the inherent stray light in the analyzer a photograph of 
the diffraction pattern with only the • 75 in. aperture in the target plane 
(Figure 8) was taken. This diffraction pattern indicated that there was 
considerable stray light in the system mostly from imperfections and 
dust on the lens surfaces. Some reflected light from the lens surfaces 
was also detected. Since the optical path difference between the reflected 
light and the light diffracted by the target aperture is so large there will 
be no coherence between these two beams . The stray light due to sur-
face imperfections also have lost its coherence. Therefore the diffrac-
tion pattern intensities can be considered as a sum of the diffracted light, 
reflected light and stray light. The problem now is to separate the dif-
23 
fracted light from the stray and reflected light. A partial solution of 
this problem is to use the same exposure time for the diffraction pat-
tern of the target and the inherent stray light, and then multiply the stray 
and reflected light intensity values by the transmittance of the target 
density. This would yield a close approximation of the stray and reflected 
light intensity distribution imposed on the target diffraction pattern. 
Subtracting these reduced inherent stray and reflected light intensities 
from the diffraction pattern intensities should leave a very close ap-
proximation of the grain noise intensity distribution. 
Another approach used to eliminate some of this stray and reflected 
light is to drill out a small hole (. 5 - 1. 0 mm) in the emulsion to blank 
out the diffraction pattern constant component and the associated spreading 
of this component in the emulsion. This approach produced poor results, 
in that it was difficult to properly align the hole for each exposure. 
Empirical Check on the Analytical Description 
To check the analytical consideration previously and also to check 
the one-to-one conjugate of the system, a light modulating target (square 
wave) having a period of • 308 mm was placed in the target plane. The 
spacing of the bright spots in the diffraction pattern was then measured. 
The measured spacing average was 1. 058 mm., the distance calculated 
(from the analytical expression) was 1. 055 mm. This strongly supports 
the analytical considerations. 
1 
24 
Photographing the Diffraction Patterns 
As stated previously the exposure time for the targets of D 0. 28 
was • 5 seconds, for D 1. 00 the time was 5 seconds and for the D I. 75 
targets the time was 30 seconds. The following photographs are the dif-
fraction patterns of the targets as stated. 
. r 
{ 
I' 
Figure 8 
Inherent Stray and Reflected Light 
Figure 9a 
Royal X Pan Diffraction Pattern 
D - 0.28 
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Figure 9b 
Super XX Diffraction Pattern 
D - 0.28 
Figure 9c 
Micro-File Diffraction Pattern 
D - 0.29 
26 
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Figura 9d 
Roya1-X Pan Diffraction Pattern 
D - 1.00 
Figura 9a 
Super XX Diffraction Pattern 
D - 1.05 
27 
.-
Figure 9f 
Micro-File Diffraction Pattern 
D - 0.975 
Figure 9g 
Royal-X Pan Diffraction Pattern 
D - 1.77 
28 
{ 
, 
Figure 9h 
Super XX Diffract:i.on Pattern 
D - 1 . 77 
Figure 9i 
Micro-File Diffraction Pattern 
D - 1 . 65 
29 
CHAPTER V 
DATA REDUCTION 
Density and Intensity Reduction 
30 
After photographing the diffraction patterns (Figure 9) a microden-
sitometer trace, across each of the diffraction patterns (Figure 10} 
was made. The densities at measured points along the trace were con-
verted to intensities using a relative H - D curve plotted from a step 
tablet on the same sheet of film used for the diffraction pattern. To 
avoid reciprocity failure between the diffraction pattern and the step 
tablet exposed thereon, the tablets were exposed on a Sensitometer using 
a Wratten No. 47B plus neutral density filter having a factor of 1. 5 for 
2. 7 sec. After converting to intensities the inherent noise intensities 
were subtracted, the intensity differences were then plotted against spa-
tial frequency, thereby giving a plot of the noise spectrum of the tar-
get emulsion, (Figure 11}. 
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CHAPTER VI 
RESULTS 
4I 
Comparison of the noise spectrum curves (Figure II) of the different 
emulsions and different densities indicates in general that as the grain 
size decreases the transmitted energy decreases, and as the density 
increases the transmitted energy again decreases. 
In order to check these results against theory the noise spectrum 
of a model was computed (see Appendix) for a model of two different 
grain sizes. The computations indicated that the results obtained in 
this experiment were in direct opposition to theory. That is to say the 
small grain emulsions should produce a higher transmitted spectrum 
than the coarse grain. 
After considerable reflection it was concluded that in this case the 
failure of this Fourier approach to the problem was due to the light scat-
tering caused by inter-reflection between the multiple layers of the grains 
in the emulsion. This scattering therefore destroys the true diffraction 
pattern. Therefore it can be said that this approach to the problem of 
the noise spectrum of photographic emulsions is not valid in this case 
because of the inter-reflection between the multiple layers of the grains. 
However, if the emulsion was a single layer of grains this approach to 
the problem would be valid. 
In earlier sections of this thesis it was mentioned that the data 
:. 
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resulting from this investigation would be compared to the data gathered 
by other authors who have investigated the noise spectrum of photographic 
emulsions. Since the data gathered here is inconclusive these compar-
isons will have to be omitted. However, it is interesting to note that 
3 
Croce and Marquet who have used this same analytical approach to 
the problem have published a noise spe ctrum curve for Plus -X film 
having a density of . 3. Comparison of the curves in this thesis indicate 
complete agreement. However, no complete conclusion can be reached 
through this comparison since they have published only the curve of one 
emulsion. 
CHAPTER VII 
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The results indi c ate definitely that this Fourier approach to the 
measurement of the film noise spectrum is invalid in this case due to 
the destruction of the diffraction pattern by the inter-reflections caused 
by the multiple layers of the grain. However, before this approach is 
completely rejected as being invalid it is suggested by this author that 
others investigating this method should measure the noise spectrum of 
a piece of micro-film or any fine grain film at its normal fog level and 
also at a density of about . 10, and compare the results with the results 
of this thesis so as to further confirm the conclusions reached here. 
It is planned by this author to do this himself but time will not permit 
the results to be included in this thesis. It may be that the results ob-
tained here were the results of some other problem unforseen by this 
author. If this be, then this uncomplic ated approach may be salvaged. 
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APPENDIX 
Let j{u_,vL) be the grain geometry and trans-
/~o/mittance, and -~~v__:) be the aperture geometry 
~/jz;J and transmittance, where the grains are randomly 
spaced in a single layer in the aperture. Then the 
Fourier transform of the aperture transmittance will be: 
Then 
where the exponential term represents a series of vectors in two dimen-
sional space equal to unity in length and having random orientation. This 
is the random walk problem in Physics and is equal to the square root of 
the number of direction changes, in this case the numbers of grains. 
The Fourier transform can then be stated as: 
; (x y) = /!( x. :J) - p/i; a {-;C~ :1) 
where ;/ (x/ j) is the aperture Fourier transform and bf.~ j!} is the 
grain Fourier transform. Now the aperture transform can be reduced to: 
(one dimensional case) 
where the model transmittance is: 
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Therefore, the p ower spectrum, in this case the noise spectrum is: 
· T . -z--LJ / :J).., J -/'~ /:/ J :::: ,Cp- 1f- :::;- /lZJq.. L -~ X' . .,L (!- 'T -~ d X 
- tAJ (.ZJ;c/ ~ /7 r c1 y:,J ~ 
;;;? (_/- t) '~ L) "£ ~ c/7 
-~JI;::i 0 X a!' x: 
Now taking two cases where 4-=- ~c4=-10 , where for both cases .Z}:; 1 00 
and plotting the results the f ollowing curves are derived. 
I 
.--t:.;. 
o ~------~----~----
0 X 
Ref erring to page 31, the noise spectrum energy distribution curve 
for Royal X Pan, D - 0. 28, a coarse g.rain f ilm, and comparing it to 
p age 38, the noise spectrum energy distribution curve for Micro-F ile, 
D - 0. 29, a f ine grain f ilm, it can be se.en that the fine grain, or the 
small diameter grain film has the lowest resolution limit. This low 
density comp arison was used because the low densities come closer to 
approx imating the randomly scattered separated grains of the model. 
However, similar comp arisons of the same i ilms at higher densities 
show similar results. 
The results computed f rom the model, using fi rst the large diameter 
grain then the small diameter grain, indicate that the small diameter 
grain should have the highest resolution limit. Therefore, the empirical 
results are in direct opposition to the theoretical results. 
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ABSTRACT 
NOISE SPECTRUM OF PHOTOGRAPHIC EMULSIONS 
It is the purpose of this thesis to measure the energy spectrum, re-
£erred to in this thesis as the noise spectrum, of the granularity of photo-
graphic emulsions. This was accomplished by using an optical diffraction 
device as a spatial spectrum analyzer. A uniformly exposed developed 
emulsion is illuminated by a plane wave, and the diffraction pattern ob-
tained gives the grain energy distribution; i. e., the noise spectrum, as a 
function of spatial frequency. 
The analyzer is composed of a point source which coherently illumi-
nates a uniformly exposed developed emulsion in the aperture of a positive 
lens, with monochromatic light, and a device for photographing the diffrac-
tion pattern at the Fraunhofer plane. 
The targets were chosen so as to cover the films commercially avail-
able and a l so obtain data on co a,rse, medium and fine grain emulsions. 
These films were Royal X Pan, Super XX and Micro-File (5402). Three 
uniform average densities of 0. 28, I. 00, and I. 76 of each film type were 
used. 
These targets were placed in the target plane (lens aperture) and a 
picture of the diffraction pattern was taken by placing a sheet of Royal Pan 
film in the Fraunhofer plane. A picture was taken of the diffraction pattern 
of each of the nine targets. These pictures were then reduced to density vs. 
distan ce t r aces then converted to energy distribution curves. 
Some inherent reflected and stray light was discovered present in the 
analyzer. This reflected and stray light was caused by lens surface re-
flections and low quality lens surfaces. The energy spectrum of the granu-
larity noise was reduced by the amount of this inherent reflected and stray 
light which was transmitted through the target. 
A historical development of previous work done on the problem is 
presented in two parts, the earlier approaches, and the later application 
of Communication Theory to this problem. Then the new approaches to 
the problem developed as a result of this Communication Theory outlook 
on optics are discussed. The analytical considerations of the F ou r ier 
approach to the problem used in this thesis are also discussed. 
The results of this investigation indicated that the fine grain emul-
sion had a narrow n oi se spectrum as compared to the coarse grain e rnu l -
sion. This proved to be in direct opposition to theory. The theory is 
presented in the appendix. It was finally concluded that the approach used 
in this case is invalid because the inter -reflections between the multiple 
grain layers in the emulsion destroy the true diffraction pattern. A means 
of verifying this con clusion is also presented. 
